Astrocyte and glial-neuron interactions have a critical role in brain development, which is partially mediated by glycoproteins, including adhesion molecules and growth factors. Ethanol affects the synthesis, intracellular transport, subcellular distribution and secretion of these glycoproteins, suggesting alterations in glycosylation. We analyzed the effect of long-term exposure to low doses of ethanol (30 mM) on glycosylation process in growing cultured astrocytes in vitro. Cells were incubated for short (5 min) and long (90 min) periods with several radioactively labeled carbohydrate precursors. The uptake, kinetics and metabolism of these precursors, as well as the radioactivity distribution in protein gels were analyzed. The levels of GLUT1 and mannosidase II were also determined. Ethanol increased the uptake of monosaccharides and the protein levels of GLUT1 but decreased those of mannosidase II. It altered the carbohydrate moiety of proteins and increased cell surface glycoproteins containing terminal non-reduced mannose. These results indicate that ethanol impairs glycosylation in rat astrocytes, thus disrupting brain development.
The development of the central nervous system (CNS) entails an inflexible chronology of interrelated, complex functional, structural and molecular events in which the interactions between astrocytes and neurons are of utmost importance (Abbott 1991; Kimelberg and Aschner 1994; Ullian et al. 2001) . One of the best-characterized processes mediated by these interactions is neuronal migration, which is the basis for CNS pattern formation and layering, and is characterized in the cortex by astroglia-guided translocation of postmitotic neurons from the germinal zone to their final location (Rakic 1995; Rakic and Lombroso 1998; Hatten 1999; Song and Poo 2001) . These astrocyte-neuron interactions require adhesion and recognition molecules and other neurotrophins that are expressed by both glial and neuronal cells (Abbott 1991; Kimelberg and Aschner 1994; Rakic et al. 1994; Fields and Itoh 1996; Mendez-Otero and Santiago 2001) . These molecules, mainly glycoproteins, are synthesized and secreted into the medium or presented on the cell surface, where they exert their physiological effects.
The expression of these membrane glycoproteins in astrocytes and other cell types is a dynamically regulated process and may involve both biosynthesis-dependent and biosynthesis-independent pathways (Kornfeld and Kornfeld 1985; Keller and Simons 1997; Roth 1997; Miñana et al. 1998; Miñana et al. 2001) .
There is clinical and experimental evidence that alcohol consumption disrupts relevant developmental processes in the central nervous system (CNS), leading to depression of neurogenesis, delayed and aberrant migration, and anomalous aberrant structural and functional development (Miller 1992; Streissguth et al. 1994; Goodlett and Horn 2001) . Glial cells are also sensitive to alcohol, suggesting that perturbations in the neuron-glia interactions account for the alcohol-induced developmental defects of the brain (Guerri and RenauPiqueras 1997; Renau-Piqueras et al. 1998; Guerri et al. 2001) . In addition, chronic alcohol consumption and prenatal alcohol exposure alters the glycosylation process in rat hepatocytes, neurons and astroglial cells (Vallés et al. 1994; Renau-Piqueras et al. 1987 , 1997 Kim and Druse 1996; Miñana et al. 2000) . This may inhibit or delay the intracellular transport of nascent glycoproteins and glycolipids in the cell or else alter the expression of membrane proteins. Thus, both prenatal alcohol exposure and alcohol treatment in vitro affect the cell membrane glycoproteins and the expression of neurotrophic factor receptors, decrease the synthesis and constitutive release of growth factors, and alter the intracellular and plasma membrane levels of the highly sialylated form of the neural cell adhesion molecule (PSA-NCAM) in cultured rat astrocytes (Vallés et al. 1994; Kim and Druse 1996; Miñana et al. 2000) .
However, the mechanisms behind prenatal and in vitro alcohol-induced glycoconjugate retention in astrocytes remain unclear. Since the biosynthesis of glycans is a complex process that occurs along the secretory pathway, the deleterious effect of alcohol may have several targets in this and other cell types. Although there is a lack of clear evidence that the alcohol-induced alterations of the glycosylation process hinder protein trafficking, modifications of the protein glycosylation state sometimes affect the folding of a nascent protein and thus compromise its subsequent transport through the secretory pathway. Furthermore, oligosaccharide chains can seriously condition the span-life of proteins in the circulatory system, and their distribution and subcellular localization (Rasmussen 1992) . Therefore, it remains to be clarified whether the reported alterations in the intracellular storage, trafficking and constitutive secretion of glycoconjugates are due directly to alcohol exposure or are a mere consequence of the disruption caused by alcohol in some step of the glycosylation process, namely glycosyltranferase and glycosidase activities, and availability of sugar nucleotides.
We explored the effects of long-term exposure to ethanol in vitro on glycosylation biosynthesis and, in particular, on monosaccharide uptake and on the synthesis, composition and subcellular distribution of glycoconjugates in primary cultures of rat astrocytes during the proliferative period. Culture reagents were from Invitrogen Corp. (Carlsbad, CA, USA) for electron microscopy were from Electron Microscopy Science (EMS) (Fort Washington, PA, USA) and all the remainder chemicals from Sigma Co.
Materials and methods

Reagents
Primary cultures
Primary cultures of astrocytes from 21-day-old rat fetuses were prepared from brain hemispheres as described in detail elsewhere (Renau-Piqueras et al. 1989; Gó mez-Lechón et al. 1992) . They were grown in a humidified atmosphere of 5% CO 2 and 95% air at 37°C. In these conditions, the cells grew rapidly for 7-10 days. The medium (Dulbecco's modified Eagle's medium or DMEM) was changed every 2 days. In all the experiments, we used astrocytes at 7 days because, astrocytes release several neurotrophic factors and express their receptor during proliferation (Lu et al. 1991; Vallés et al. 1994) . Some cells were grown in the presence of ethanol in the culture medium (Renau-Piqueras et al. 1989) . In these cultures, ethanol was added to the culture medium when the cells were allowed to settle (day 0). Ethanol concentration in the medium was checked daily and adjusted to a final concentration of 30 mM (ethanol evaporation after 24 h was 10-20%), similar to the blood levels reported in pregnant chronic drinkers or when 3-5 drinks are consumed by a women weighing about 60 kg within 1 h (Eckardt et al. 1998) . The purity of astrocyte cultures was assessed by immunofluorescence using a mouse antiglial fibrillary acidic protein monoclonal antibody (Renau-Piqueras et al. 1989) . All experiments using rats were approved by the appropriate institutional review committee and performed in strict compliance with the European Community Guide for the Care and Use of Laboratory Animals.
Uptake, kinetics and metabolism of carbohydrates To study the effect of alcohol on the uptake, kinetics and metabolism of carbohydrates, astrocyte cultures were incubated with 2 mL of medium containing one of the following radioactive precursors (1.5 lCi/mL):
H-ManNAc, the direct obligate metabolic precursor for NeuNAc) (Ghosh et al. 1993; Pellerin and Magistretti 1994; Rosenberg and Noble 1994; Ghosh et al. 1998) .
The cells were maintained in this medium for 5 min (in some experiments, pulse periods of 1, 2, 3 and 4 min were also tested) and incorporation was stopped by washing the cultures three times in cold PBS (phosphate-buffered saline). For kinetic studies (chase experiments), the cells were washed in medium and then incubated in fresh DMEM medium for 1, 5, 15, 30, 60, 120 min chase periods. In both pulse and chase experiments, supernatants and cells were collected for radioactive counting. Cells were incubated overnight at 37°C in the presence of 0.5 M NaOH and the amount of radioactivity incorporated was measured in an automatic scintillation counter and, as the energy distribution spectra of the 3 H and 35 S superposed, a two-channel counting program was used. The dpm obtained in both channels were computed to obtain the net dpm corresponding to each of the isotopes. The results where expressed as dpm/mg of protein, as determined following Lowry et al. (1951) . In some experiments, the cultures were incubated for 90 min in the presence of the labeled precursor ( S-Met) and, after washing with PBS, the cells were kept at )80°C. For characterization of the proteins by their molecular weights, samples containing 15-20 lg of protein were solubilized in sodium dodecyl sulfate (SDS) buffer and electrophoresed into 8% polyacrylamide slabs. After staining with Coomassie blue, the bands were cut out, dissolved in 1 mL of H 2 O 2 overnight at 60°C, added to 10 mL of scintillation fluid and counted (Chiu and Goldman 1984; Jorda et al. 1988) . The radioactivity corresponding to each of the isotopes was determined as described above but using a distinct computer program, to take into account the changes in the quenching of the energy spectra and in the counting efficiencies of the two isotopes in the new scintillation mixture, and the mean ± SD of dpm per band was calculated. The results were expressed as the ratio between the mean values in control and alcoholexposed cells. The intensity of each band in the gel was assessed by densitometry using a computer program (Scion Image v. Beta 4.0.2).
GLUT1, mannose receptor (MR) and mannosidase II (Man II) immunoblotting
Astrocytes were washed with PBS, homogenized in extraction buffer (Tris-buffer 6 mM, EDTA 10 mM and SDS 2%, pH 7.0) and incubated on ice for 15 min. Cell lysates (20 lg per lane) were mixed with lithium dodecyl sulfate (LDS sample buffer) and boiled for 3 min. Proteins were separated in SDS-polyacrylamide slabs gels using the discontinuous gel and buffer system of Laemmli (1970) with 8% polyacrylamide in the separate gel. After electrophoresis, the proteins were transferred to nitrocellulose paper, which was incubated for 60 min with a rabbit anti-GLUT1 polyclonal antibody (1 : 200), a rabbit anti-MR polyclonal antibody (1 : 5000) (Burudi et al. 1999; Burudi and Regnier-Vigouroux 2001) or a rabbit anti-Man II polyclonal antibody (1: 2000) (Moremen and Robbins 1991) in TBS containing 0.05% Tween-20. Thereafter, the paper was incubated for 60 min with an anti-rabbit IgG-AP conjugate. After 10-20 min of color development, the nitrocellulose sheets were washed and photographed. Gel quantification was carried out as above using the Scion Image program. The results were presented as mean values.
Lectin blot analysis
Lectin blotting was used both to differentiate between glycoproteins and non-glycosylated proteins as well as for the characterization of carbohydrate chains of glycoproteins (Chan et al. 1999; da Silva and Gordon 1999) . In both cases, a labelling kit from Roche (former Boehringer Mannheim) was used (DIG Glycan/Protein Double Labeling Kit, Cat no. 1500 783 and DIG Glycan Differentiation Kit, Cat no. 1210 238) following the manufacturer instructions.
For glycan differentiation, we have used the lectins listed in Table 1 . Special emphasis was placed on GNA and MAA labelling because these lectins, as mentioned above, label terminal Man and terminal sialic acid, respectively.
Fluorescence microscopy
Astrocyte monolayers growing on 16-mm glass coverslips were used for GLUT1 and Man II immunolocalization (Babia et al. 1999; Valderrama et al. 2000) . Cells were washed with PBS and fixed with 4% formaldehyde in PBS for 30 min at room temperature, washed 3 · for 5 min in PBS and then once in PBS containing 50 mM ammonium chloride. They were then rinsed in PBS and permeabilized or not with PBS containing 0.1% saponin and 0.1% bovine serum albumin (BSA) for 15 min For GLUT1 immunolocalization, Electron microscopy Astrocytes, both control and those exposed to ethanol, were fixed as monolayers with 2% glutaraldehyde and 1% formaldehyde in 0.1 M PIPES buffer, pH 7.2 for 120 min at 4°C, incubated for 60 min in 50 mM NH 4 Cl, postfixed in 2% OsO 4 for 60 min at 4°C and then in 5% uranyl acetate in water. Thereafter, the monolayers were dehydrated in ethanol and embedded in Epon (Megías et al. 2000) . Ultrathin sections of the monolayers were mounted on formvar-coated nickel grids and processed for the immunocytochemical demonstration of GNA and MAA. Grids were floated for 60 min on a saturated solution of sodium metaperiodate (Bendayan et al. 1987; Egea et al. 1993) , rinsed in PBS, floated for 30 min on 0.1% BSA-Tris buffer [20 mM TrisHCl and 0.9% NaCl (pH 7.4) containing 0.1 BSA, Type V] supplemented with 5% inactivated fetal calf serum and then transferred to droplets of 0.1% BSA-Tris buffer containing 1% fetal calf serum and GNA (1 : 500) or MAA (1.100) lectins conjugated to DIG. The sections were incubated in a moist chamber for 60 min at 37°C, washed in 0.1% BSA-Tris buffer (three rinses, 10 min each) and placed on droplets of 0.1% BSATris buffer containing 0.05% Tween 20, 5% fetal calf serum and a monoclonal anti-DIG (1 : 100) (Boehringer Mannheim) for 60 min at 37°C. After two 10-min rinses in 0.1% BSA-Tris buffer, the grids were incubated in 0.1% BSA-Tris buffer containing 0.05% Tween 20, 5% fetal calf serum and an antimouse IgG-gold (10 or 5 nm) complex (1 : 10) (Sigma). Incubation time was 60 min at 37°C. After two 10-min rinses in 0.1% BSA-Tris buffer and a rinse in redistilled water, the sections were air-dried and finally counterstained with uranyl acetate and lead citrate (Renau-Piqueras et al. 1989; Miñana et al. 2000) . Quantitative analysis of gold particle distribution on Golgi apparatus areas was carried out using stereological methods (Renau-Piqueras et al. 1987 , 1997 .
Lectin-mediated cytotoxicity assay Astrocytes were plated in each well of a 24-well plate (60 000 cells/ well) in culture medium and cultured for 5 days. Increasing concentrations of GNA were added to the cells, followed by incubation at 37°C until the cells containing no lectin grew to confluence (day 7 of culture). At the end of this period, the medium was removed to eliminate dead cells and the cell monolayer was rinsed in PBS without Ca 2+ or Mg 2+ . Then, the cells were trypsinized, centrifuged and counted using a hemacytometer. The results were expressed as the survival percentage of cells for each lectin concentration by comparing each treatment (cells growing in the presence of the lectin) with its respective controls (cells growing in the absence of the lectin) (Babia et al. 1999) .
Statistical analysis
Data are presented as means ± SD. All experiments were carried out with a sample size of at least 4-6 observations/group. Statistically significant differences between group means were determined using Student's t-test were a p < 0.05 was considered statistically significant.
Results
Alcohol enhances the uptake of labeled carbohydrates The incorporation of 3 H-labeled monosaccharides into control and alcohol-treated astrocytes is shown in Fig. 1 . After a short pulse period of 5 min, ethanol treatment significantly increased the uptake of most of the monosaccharides examined, but not for GlcNAc and NeuNAc. In contrast, when cells were incubated with ManNAc, which is the immediate precursor of NeuNAc, ethanol significantly raised its uptake. Similar results were observed for Glc and its non-metabolic derivate 2-DGlc. These results were also obtained after a pulse period of 4 min but no significant differences were observed after shorter periods.
Alcohol increases the protein levels of GLUT1 and MR Since the Glc and 2-DGlc uptake in cultured astrocytes is significantly increased by ethanol, we next examined its effect on the 45 kDa isoform of the glucose transporter GLUT1. Ethanol exposure significantly increased GLUT1 protein levels, as revealed by immunoblotting and quantified by densitometry (Fig. 2) . However, no differences in its subcellular distribution were detected under the immunofluorescence microscope (not shown). When we tested whether ethanol altered the MR we also observed a significant increase (Fig. 2) .
Ethanol alters monosaccharide uptake kinetics
We then examined whether ethanol affects the uptake of certain monosaccharides, which are essential for the Fig. 1 Graph showing the uptake of several 3 H-labeled monosaccharides by control (CNT) and alcohol-exposed (EtOH) astrocytes in primary culture after a short pulse of 5 min. The data shown are representative of four independent experiments and expressed as the means ± SD. Asterisks indicate significant differences (Student's t-test, *p < 0.05).
glycosylation process. The uptake kinetics for 3 H-Man and 3 H-ManNAc after a short pulse and chase periods of 2, 5, 15, 30, 60 and 120 min is shown in Fig. 3 . In untreated and ethanol-treated astrocytes, we observed a similar kinetic pattern. However, alcohol did not alter the intracellular levels of 3 H-Man, but significantly raised the intracellular levels of 3 H-ManNAc, giving rise to an increase in the intracellular pool of radioactive sialic acid-containing glycans. A similar increase was observed after 3 H-NacGlc and 3 H-Glc incorporation but not for 3 H-Gal (not shown).
Ethanol induces changes in the glycoconjugate pattern of astrocyte glycoproteins
We next examined the metabolic labelling of glycoproteins in untreated and ethanol-treated astrocytes using a pulse of 90 min with 3 H-Man, 3 H-ManNac and 35 S-Met (Fig. 4) S-Met uptake in most of the bands analyzed, as revealed by the radioactivity in the protein gels (Fig. 5) . Moreover, alcohol significantly increased 3 H-Man incorporation in the bands with apparent molecular weights of 50, 100, 160, and 230 kDa, whereas it diminished the amount of 3 H-ManNac incorporated into the bands with apparent molecular weights of 130 and 160 kDa, among others. In contrast, it increased the incorporation of this monosaccharide in glycoproteins of 50 and 100 kDa, which, as indicated above, also showed an increase in 3 H-Man incorporation.
Lectin blotting of terminal Man and NeuNAc
When lectin blotting was used to differentiate between glycosylated and non-glycosylated proteins in control and ethanol-treated astrocytes, ethanol raised the densitometric values of three major glycoproteins with apparent molecular weight of 223, 193 and 143 kDa (Fig. 6) . We also resolved the glycoproteins of control and ethanol-exposed astrocytes by SDS-polyacrylamide gel electrophoresis (PAGE) western blotting and lectin overlay. Although we analyzed these glycoproteins using several lectins, we focused on the binding pattern with GNA, which binds to terminal Mana(1-3)Man residues, and with MAA, which recognizes NeuNAc (a2-3)Gal. Ethanol increased the levels of some GNA-reactive bands (Fig. 7) . For MAA lectin overlay (Fig. 8) , the lectin stained several bands between 162 and 59 kDa, and ethanol induced a significant increase only for the 138 kDa glycoprotein. When glycoproteins were incubated with PSA (labels terminal a-Man and a-Glc) and UEA I (labels L-fucose), most of the labeled bands showed an alcohol-induced increase (not shown).
Lectin immunocytochemistry
The subcellular distribution of GNA and MAA binding sites was analyzed using electron microscopy cytochemistry. Qualitative analysis of the binding sites of both lectins showed a similar gold labelling pattern in control and ethanol-treated cells. In both cases, gold particles appeared distributed over several cell organelles and only a few background particles were detected. In particular, gold particles were visualized at the Golgi complex, endosomes, vacuoles, vesicles, lysosomes and plasma membrane. In some cells, gold particles appeared over the actin cortex, just beneath the plasma membrane. The Fig. 9 illustrates the GNA labelling distribution in control and ethanol-exposed cells in the Golgi complex (A and B, respectively) . When a quantitative analysis of the gold labelling at the Golgi complex was carried out, we noted a significant increase in the density of gold particles for GNA (Fig. 9c) but not for MAA binding sites (not shown) in ethanol-treated astrocytes.
Ethanol increases lectin-mediated cytotoxicity
Since ethanol treatment increased the total terminal Man glycoproteins and diverse lectins bind specifically to glycan structures of the cell surface and kill the cells in culture, we aimed to test whether ethanol also affects the cell surface glycoproteins containing terminal Man. To this end, we determined the GNA-mediated cytotoxicity in control and alcohol-exposed astrocytes. GNA incubation at low concentrations (3.5-15 lg/mL) significantly increased cytotoxicity in cells exposed to alcohol, which reflects an increase in the SMet for 90 min After staining with Coomassie blue, the bands were cut out and the radioactivity determined as described in Material and methods. A representative protein profile of control astrocytes is showed. The variations in the densitometric values of the bands and the results corresponding to the ratio between the radioactivity in control and treated astrocytes are presented as histograms. The data are representative of four independent experiments. Asterisks indicate significant differences (Student's t-test, *p < 0.05). Fig. 6 Protein blottings of SDS-PAGEseparated proteins labeled with a kit to differentiate between glycoproteins and non-glycosylated proteins in control and alcohol-exposed astrocytes. The results are the means ± SD densitometric values and correspond to four independent experiments. Asterisks indicate significant differences (Student's t-test, *p < 0.05).
content of high Man type sugar chain in the cell membrane of treated cells (Fig. 10) .
Ethanol diminishes the protein levels of Man II Cells treated with ethanol showed a consistent increase in the Man uptake and terminal non-reduced Man in the glycoconjugate moieties. Therefore, we determined whether the protein levels of the Golgi-resident enzyme Man II were altered by ethanol. The Fig. 11 shows that this treatment significantly decreased the protein levels of this enzyme.
Discussion
Glycosylation is a major post-transcriptional modification of proteins in eukaryotic cells and is required for the proper folding and efficient secretion or cell-surface expression of many proteins. In addition, it has emerged as a key step of several developmental signal-transduction pathways (Fortini 2001) . Chronic and acute alcohol exposure affects both the content and secretion of some glycoproteins as well as the nature of the complex glycoconjugates of many crucial glycoproteins (Ghosh et al. 1993 (Ghosh et al. , 1998 Rosenberg and Noble 1994; Arndt 2001) . Indeed, the presence of altered glycoproteins, including the carbohydrate-deficient transferrin or CDT, has been reported in the serum of alcoholic patients with liver disease (Stibler 1991; Wang et al. 1993; Arndt 2001) . Although inadequate glycosylation and/or excessive glycosidase activity may participate in the alcohol-induced alterations of glycoproteins, there are no available data as to whether alcohol acts in one o more steps of the glycosylation process or whether its effects are mediated by an alteration in the pathways leading to monosaccharide availability.
Ethanol increases the uptake of monosaccharides and the protein levels of GLUT1 and MR We show that long-term exposure to ethanol induces quantitative alterations in some steps of the glycosylation process in growing astrocytes. First, ethanol increases the uptake of several monosaccharides and the extent of this effect appears to depend on the type of monosaccharide. Thus, alcohol particularly increases the uptake of Man, ManNAc and Glc and this effect suggest an alteration of the carbohydrate transporters located in the plasma membrane. In this respect, a lysosomal sialic acid transporter (Mancini et al. 1992; Havelaar et al. 1998) has been reported in several cell types, but so far this protein has not been identified in astrocytes. In contrast, the effect of alcohol on glucose transport and on glucose transporters in astrocytes and other cell types has been widely studied, although contradictory results have been reported including, e.g. alcohol-induced decrease uptake of Glc in astrocytes or Fig. 7 Protein blottings of SDS-PAGEseparated proteins labeled with GNA lectin, which labels terminal Man in glycoproteins. The results are shown as the means ± SD of densitometric readings corresponding to four independent experiments. Asterisks indicate significant differences (Student's t-test, *p < 0.05). alcohol-induced increase uptake of this hexose in myotubes (Singh et al. 1990 (Singh et al. , 1993 (Singh et al. , 1996 Hu et al. 1995; Nagamatzu et al. 1995; Carver et al. 1999; Yu et al. 2000; Poirier et al. 2001) . These discrepancies may be due to marked differences in the experimental designs including ethanol doses, length of the treatments and the cell type or animal models used. In our study, using astrocytes in primary culture during their growth period and physiological relevant concentrations of ethanol we found a correlation between the ethanol-induced increment in Glc and 2-DGlc uptake and the enhancement of GLUT1 protein, the glucose transporter in astrocytes (Lange 2001 ). The differences in the effect on the uptake of the two carbohydrates may be due to the differential affinity of GLUT1 for Glc and 2-DGlc in astrocytes. In addition, the enhanced expression of GLUT1 may also be linked to the reported ethanol-induced increase in the uptake of Man, since this monosaccharide is taken up by the astroglial Glc transporter (Dringen et al. 1994; Wiesinger et al. 1997) . In accordance with our results, Carver et al. (1999) have described a seven-to 10-fold increase in total GLUT1 in chick brain after ethanol exposure during its development. Chronic alcohol intake also significantly increases GLUT1 in rat brain (Singh et al. 1993) . However, results regarding the effect of ethanol on other Glc transporters such as GLUT3 and GLUT4 (Krauss et al. 1994; Yu et al. 2000) suggest that the sensitivity to ethanol varies from one Glc transporter to another, depending on the cell type and ethanol doses. It has also been proposed that a sequence motif in GLUT1, absent in GLUT3 and GLUT4, confers ethanol sensitivity (Krauss et al. 1994) .
Nevertheless, considering the relevance of astrocytes in glucose metabolism and cerebral energetics (Wiesinger et al. 1997; Sibson et al. 1998; Shulman et al. 2001) , slight alterations in the regulation of glucose transport by these cells may result in the defects associated with ethanol exposure during brain development.
The carbohydrate moiety of glycoproteins is modified by alcohol In addition to the effect of alcohol exposure on carbohydrate uptake, we found that this treatment also affects the kinetics of newly synthesized glycoproteins, as revealed by the experiments of a short pulse followed by various chase periods. Indeed, ethanol decreases the production and release of growth factors and the intracellular and plasma membrane levels of the highly sialylated form of the neural cell adhesion molecule (PSA-NCAM) in astrocytes (Miñana et al. 2000) . However, these effects may be the synergic result of alterations in the glycosylation process and the cytoskeletal components that participate in the intracellular traffic.
Our results also suggest that alcohol affects the biosynthesis of glycoproteins, since after a pulse period of 90 min in the presence of H-ManNAc, which strongly supports that alcohol has specific effects on the complex carbohydrate-moiety depending on the glycoprotein. In addition, as revealed by electron microscopy, alcohol increases glycoprotein binding to GNA, which labels terminal Mana(1-3)Man residues (mainly N-linked glycans of the subgroups high Man type sugar chain and hybrid type sugar chain). However, this quantitative change was not accompanied by differences in the subcellular distribution of the reactive glycoconjugates. Lectin blotting using GNA also showed that alcohol increased the levels of several glycoproteins in the range 55-76 kDa. These results are consistent with the finding that ethanol increases the content of high Man type sugar chains in the cell surface. This may be significant, since cell surface carbohydrates have been proposed to play critical roles in axon guidance and targeting (Lipscomb et al. 2002) .
Ethanol alters the glycosylation molecular machinery
Previous data demonstrate that ethanol-induced changes in the glycoconjugate moieties may easily be due to alterations in the activity of glycosyltranferases and/or glycosidases including galactosyltransferase, sialyltranferase, N-acetylglucosaminyltransferase and sialidase (Guasch et al. 1992; Rosenberg and Noble 1994; Renau-Piqueras et al. 1997; Ghosh et al. 1998; Lakshman et al. 1999 II in accordance with the increase in glycoprotein binding to GNA suggesting that alcohol induces an accumulation of N-glycans of high Man and hybrid type sugar chains as well as an alteration in the synthesis of complex oligosaccharides. In fact, the inhibition of Man II results in the synthesis of glycoproteins with glucose-containing high Man structures, or various high-Man or hybrid chains (Hughes and Feeney 1986; Elbein 1991; Herscovics 1999 ).
In conclusion, our results show that ethanol treatment increases both the uptake of monosaccharides and the amount of GLUT1 and modifies the carbohydrate moiety of glycoproteins in growing astrocytes. In addition, alcohol decreases the amount of Man II. Therefore, in rat astrocytes the glycosylation machinery is a target for the deleterious effect of ethanol on brain development.
